By the end of 2010 more than 1.6 billion people lacked access to modern energy services. To overcome this situation the United Nations started the "sustainable energy for all initiative" with the objective to provide access to modern energy services for all until 2030. Especially for off-grid areas in the least developed countries decentralized systems based on renewable energies and in particular solar energy are seen as the most promising solution for electrification. Lack of access to modern energy services goes in general along with a lack of a proper waste management system for the expected future waste electrical and electronic equipment (WEEE). The main lessons learned from a waste management perspective, is that prequalification of the suppliers can change industry standards. Local battery producers and recyclers and a working collection system are needed to guarantee that lead acid batteries are recycled properly.
INTRODUCTION
By the end of 2010 more than 1.6 billion people lacked access to modern energy services. To overcome this situation the United Nations started the "sustainable energy for all initiative" with the objective to provide access to modern energy services for all until 2030. Especially for off-grid areas in the least developed countries decentralized systems based on renewable energies and in particular solar energy are seen as the most promising solution to electrify regions 1 . Lack of access to modern energy services goes in general along with a lack of proper waste management systems for the expected future waste electrical and electronic equipment (WEEE). The "Rural Electrification and Renewable Energy Development Project (REREDP)" in Bangladesh is one of the most successful rural electrification programs in world. The REREDP can and will draw important lessons for upcoming off-grid electrification projects in other regions of the world. The standard configuration nowadays for a SHS in rural areas is a 35W p solar panel, a charge controller and a lead-acid battery with a capacity of 50Ah. A SHS supplies enough energy to the household to use a television, six LED-lights, a fan and mobile phone charging. The yearly installation rate of Solar Home Systems under the REREDP was at the beginning comparatively low. In 2008 the program started to grew rapidly with a total yearly installation of about 100.000. Within four years the yearly installations grew to 600.000 SHS in 2012 3 . In total more than 2.7 Million SHS were installed under the REREDP by the end of 2013 and SHS are close to become economical viable without subsidies. With an average household size of 5 persons almost 14 million Bangladeshi already directly benefit from the REREDP electrifying about 10% of the total population. To fulfill the goal of 6 Million SHS by the end of 2016 yearly installation rates have to exceed one million SHS. In Addition to the SHS goals until 2016 a total number of 50 solar minigrids and 1550 solar irrigation pumps will be installed according to IDCOL 4 .
REGIONAL BACKGROUND AND THE CASE OF THE RENEWABLE ENERGY DEVELOPMENT PROJECT
According to the Blacksmith Institute which published in cooperation with the Green Cross a report, lead pollution is among the six worst pollution a problems of the world 5 . In low-and middle-income countries car battery recycling is one of the main sources of lead pollution 6 . About three quarter of all lead is used for batteries 7 . In Bangladesh SolarBatteries already have a market share of about 25% (Total market size around 2.5 million lead-acid batteries) and the share is rapidly growing. Photovoltaic energy systems are already identified to contribute significantly to lead pollution in China and India among other countries 8 . Depending on the recycling facilities and technologies the lead losses over the life time vary between 5% in countries with advanced infrastructure and 50% only in the recycling phase in the informal sector 9 .
Based on historical installation rates of SHS between 800.000 and 1.2 million lead-acid solar batteries equaling an total amount of approximately 6.000 to 8.000 metric tons of lead will enter the waste management system of Bangladesh in 2016
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. A research conducted by Waste Concern in 2006 showed that the recycling capacity for lead of the formal sector was only 3.000 metric tons per year 11 and reached nowadays almost 15.000 metric tons per year 12 . Therefore the impact of the REREDP on the battery industry and especially on the waste management system can already be observed. According to that, the question has to be raised how future infrastructure programs for rural electrification in developing countries can address environmental impacts due to improper recycling and recycling facilities in advance and how it should be integrated into the project design. Since Bangladesh has a very successful rural electrification program, the case and lessons learned out of a waste management perspective of Bangladesh are presented. The main objective of this research is how energy access for all can go along with a proper treatment of the resulting WEEE, especially for lead-acid batteries and how the REREDP influenced the battery industry in Bangladesh.
METHODOLOGY
An intensive literature review on recycling of SHS, lead-acid batteries and the recycling sector in developing countries and with a special focus on Bangladesh and the REREDP I and II was conducted. Out of the literature review a waste estimation model was developed and described 13 . In a field research in Bangladesh semi-structured interviews with representatives of the four biggest lead-acid battery producers and recyclers representing over 80% of the market and 100% of the exports were conducted. Two lead-acid battery factories with recycling facilities of the formal sector as well as two facilities of the informal sector were visited.
RESULTS
In the beginning of the first round of the REREDP in 2002 no environmental impacts other than CO 2 -Mitigation were assessed by the involved institutions . IDCOL has forced its suppliers to establish standards due to the pressure of the developing organizations.
The results of the interviews with the four biggest battery producers of Bangladesh show, that they follow the ISO standard because of the REREDP. All the battery producers expect future sales of solar batteries in Bangladesh to grow and hope to export more. The biggest of the four producers already started to export solar batteries to more than 50 countries in the world. The strategy of the lead recycling and lead usage differs between the battery producers. There is one producer using 100% recycled local lead out of the company owned recycling facility, while two producers answered that they do not use recycled lead. The fourth answered, that they use a bit less than 20% of recycled lead, but the prize of the scrap-lead in the market is too high to recycle with proper and environmental sound technology. According to the two visited battery recyclers of the informal sector the market is still growing. Even though that due to the regulations by IDCOL none of the solar-batteries should be recycled in the informal . Especially in rural areas lead-acid batteries are mostly recycled in the informal sector. The reason for that seems to be, that costumers trust the local recyclers more than the collection framework of the Partner Organizations (PO) and after the warranty time of 5 years the POs lose their interest in maintaining the contact with the costumers 22 .
All the battery producers stated that the collection system of used lead-acid batteries needs to be improved, since not enough used lead-acid batteries enter the system. In the "Environmental and Social Management Framework" of IDCOL it is stated that none of the battery recyclers is collecting the batteries with the acids. This mainly happens because of cost savings due to lower weight of the batteries. According to the report "the electrolyte is poured here and there" 23 . The visited battery recycling plants of the battery producers had a high standard. In both factories air treatment and waste water treatment facilities were in use. The complete recycling process was done indoors and nearly all of the workers were wearing breathing protection.
DISCUSSION
The case of SHS program under the REREDP shows how rural electrification influence supplying industries. As all international organizations started to ask for environmental impact reports, IDCOL was forced to change the prequalification of the battery suppliers 24 . Solar batteries have a market share of only 25% in the Bangladeshi battery market, but changed the complete industry due to the implementation of international standards. Therefore one of the lessons learned is, that prequalification in rural electrification projects can force an industry to change towards more ecological sound producing and recycling. Another important factor of the battery recycling is the existence of local battery factories and therefore formal local lead recyclers, since this is the only way to guaranty that high quantities of the used lead-acid batteries enter the formal recycling sector. For minimizing the environmental impacts of rural electrification programs based on solar energies it is key to think about working waste collection systems, since lead losses in the informal sector can be as high as 50% only in the recycling phase. Especially for the collection of the uses lead-acid batteries with the acids or a local acid treatment of the acid, new concepts need to be developed.
